OBJECTIVE: To investigate the ability of maternally-rated infant temperament to predict fatness and activity patterns in early childhood. DESIGN: Longitudinal investigation of infants studied at 12 weeks and followed up at 2±3.5 y of age. SUBJECTS: Thirty healthy full-term infants from the general population. MEASUREMENTS: Body composition, behavioural activity and temperament at 12 weeks; anthropometry, body composition, diet and behavioural activity at follow-up. RESULTS: Infant temperament predicted later behaviour and fatness. Easily soothable infants had leaner childhood skinfold thicknesses (P`0.02) and were more active in childhood (P`0.025). Infant distress was also related to childhood diet composition. CONCLUSIONS: Infant temperament can predict later body composition and behaviour. Both energy intake and energy expenditure may be mechanisms by which the relationship develops.
Introduction
Body composition in young children is a function of the longitudinal balance between earlier energy intake and energy expenditure, mediated by somatic growth. In childhood and adolescence, when the energy cost of growth is relatively low, physical activity is the most variable component of energy expenditure. Thus in children aged 3±5 y, both energy intake and energy expended on physical activity have been linked with subsequent changes in body composition 1 and physical activity was found to show an inverse crosssectional relationship with fatness. 2 Even in early infancy, energy expended on physical activity shows great variability between individuals, 3 but no relationship between energy expenditure and fatness has been identi®ed in infants 4 and neither infant physical activity nor infant energy expenditure have been found to predict subsequent fatness in the general population.
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This may be due to changes in individual activity patterns that occur when mobility develops.
Nevertheless, infant physical activity is characterised by a number of related dimensions, including motor activity, circadian rhythms and temperament. The few studies seeking to relate infant activity to body composition have tended to concentrate on the motor aspect. 9, 10 A notable exception is a study which related infant weight gain to temperament, 11 reporting that infants gaining the most weight were perceived by their mothers as more dif®cult. It was suggested that dif®cult infants might be fed more often to quieten them. 11 The role of early temperament in the development of both energy balance variables and parental behaviour merits more detailed investigation. In a previous cross-sectional study, we found only one aspect of infant temperament, irritability, to be signi®cantly related to physical activity energy expenditure at 12 weeks. 12 Activity energy expenditure, calculated as the difference between total energy expenditure and the costs of growth and minimal metabolism, 3 was increased in more irritable infants. 12 However, in longitudinal terms temperament might have considerable potential to in¯uence energy balance, since one of the de®ning features of temperament is its stability over time. 13 Thus, although aspects of temperament may be poorly related to physical activity at an initial time point, they might be predictive either of subsequent behaviour patterns, or of subsequent parental care patterns, both of which could in¯uence energy balance.
In this study we examined the hypothesis that early temperament predicts later behaviour patterns and body composition in the general population. Irritability was studied in infants at 12 weeks of age using a parental activity diary and the Rothbart Infant Behaviour Questionnaire. The subjects were followed up in early childhood and behaviour and body composition again assessed.
Subjects and methods
A cohort of 50 infants was recruited from the Rosie Maternity Hospital, Cambridge, UK, into a comprehensive study on energy metabolism. No reward was offered to parents for participation at any stage of the study. All infants were healthy, born at term and had no known condition that might unduly in¯uence health or development. Ethical permission for the study was granted by Cambridge Health Authority and the Medical Research Council Dunn Nutrition Unit.
Measurements at 12 weeks
At or close to 12 weeks of age, various measurements were made over an 8 d study period. Weight, supine length and skinfold thicknesses at the biceps, triceps, quadriceps and subscapular sites were measured on the ®rst day of the study period. Weight was measured again on the last day of the study period.
Total body water (TBW) was estimated by dilution using the stable isotope 18 O, given as water (H 2 18 O). Subjects were dosed orally with 0.28 g H 2 18 O per kg body weight, either as water if the infant was breastfed, or added to a small quantity of formula-milk if the infant was formula-fed. The infants were allowed to suck on a nasogastric tube attached to a syringe containing the dose. A single urine sample was collected immediately prior to the dose to determine natural 18 O enrichment of body¯uids. Urine samples were also collected for the following 7 d, allowing the washout kinetics of the isotope to be determined. Urine samples were collected using the method of placing cotton wool in the infant's diaper, and checking the diaper frequently for urination. 14 The time of the sample was taken as the mid point between the checks either side of urination.
Isotopic enrichment of the dose and the pre-and post-dose urine samples was measured by isotope ratio mass spectrometry (Aqua Sira model, VG Isogas, Cheshire, UK). TBW was calculated as described in detail previously, using the back extrapolation method. 15 Values for TBW were combined with age-speci®c and sex-speci®c values for the water content of lean tissue 16 to give fat free mass. Fat free mass was subtracted from body weight to give fat mass, and percentage fat was then calculated from fat mass and weight. Both skinfold thicknesses and percentage fat were used in subsequent analyses, as they represent different aspects of total body fatness.
Infant irritability was measured by two methods as described below. Mothers were told that the resulting data were intended to explain normal variation in total energy expenditure, which was being measured at the same time. 12 Mothers were asked to complete a diary of infant activity based on a previously published version. 17 The chart distinguished ®ve categories of behaviour, sleeping, awake and content, fussy, crying, and feeding, and the mothers were then asked to record the behaviour categories as they occurred against a timescale, with a resolution of 15 min. The infant was termed fussy if`your baby is unsettled, irritable, restless or fractious and may be vocalising, but not continuously crying', while crying referred to`periods of prolonged distressed vocalisation'. Mothers were asked to record the principal activity that characterised each 15 min period. The chart has been validated for the crying component only, with a high level of agreement being demonstrated between parental reports and audio recordings made over the same period. 17 The chart was completed for two periods of 24 h during the study week. Mothers were asked to avoid days unrepresentative of normal behaviour patterns, such as those involving long car journeys or vaccinations. Only the categories fussy and crying have been used in the analysis described below.
Mothers were also asked to complete the Rothbart Infant Behaviour Questionnaire, 1978 version 18 at the end of the study week. This questionnaire was a parent report instrument designed to assess a number of dimensions of infant temperament which has high internal reliability 18 and has been widely used over the last decade. Our version contained 91 items concerning the frequency of certain behaviours observed over the previous week. The responses were coded on a scale from 1±7: 1 never, 2 very rarely, 3 less than half the time, 4 about half the time, 5 more than half the time, 6 almost always, 7 always, x does not apply. An average level of response for each category of behaviour was then obtained by dividing in each case the sum of responses by the number of questions answered.
The dimensions relevant to the present study are de®ned as follows 18 : distress to limitations, a child's fussing, crying, or showing distress while (a) waiting for food, (b) refusing food, (c) being in a con®ning place or position, (d) being dressed or undressed, (e) being prevented access to an object toward which the child is directing her/his attention; soothability, a child's reduction of fussing, crying or distress when soothing techniques are used by the caretaker or child.
Measurements at 2±3.5 y
Where possible, the infants took part in a follow-up study at 2±3.5 y of age. Weight, height and skinfold thicknesses at the triceps and subscapular sites were recorded. Triceps and subscapular skinfolds were combined to give sum of skinfolds, used in subsequent analyses. Total body water (TBW) was calculated as described above, except that the tracer was deuterium rather than 18-oxygen and the plateau method of calculation was used. 15 Deuterium dilution space overestimates the body water pool by approximately 4%, 19 so the dilution spaces were divided by 1.044 to give values for TBW. 20 These values were then combined with values for body weight and the water content of lean tissue for the relevant age group and sex 16 to give fat free mass, fat mass and percentage fat.
Energy intake and diet composition were assessed using a diet history by interview 21 as has been used in the same age group previously. 22 The history combined a detailed record of the previous 48 h with frequency measures for a 7 d period. Food quantity was assessed against photographic categories of portion sizes. Data were coded by the Dido programme 23 using standard tables for food composition. 23, 24 Diet composition was estimated by food quotient, which refers to the calculated amount of carbon dioxide produced, divided by oxygen consumed, in the oxidation of all metabolisable fuels in the diet. 25 A high food quotient corresponds to a diet high in carbohydrate, while a low food quotient corresponds to a diet high in fat.
Behaviour was again assessed using a parental diary over two periods of 24 h. In this age group, the diary distinguished the following categories of behaviour: sleeping, awake and quiet; awake and active; watching TV; upset; feeding. Awake and active referred to when the child was moving around, or remaining in one place but in an excited state, while awake and quiet referred to the child showing minimal limb movement and not being in an excited state. Watching TV was only recorded if the child was paying attention to the television.
Statistics
The relationship between infant irritability and later variables was investigated using simple correlation analyses. Multiple regression analyses were also used where possible to adjust outcome variables for baseline values and potential confounding factors. All calculations were made using Minitab (Minitab 1985) software.
Results
Characteristics of the infants at the time of original recruitment are given in Table 1 . All infants were of white ethnic status. All tables refer to the 30 infants who participated in both stages of the study, except where data points were lost. Parental body mass index (BMI) ranged from 17.8±30.2 kg/m 2 (mothers) and 18.2±34.2 kg/m 2 (fathers), and 1 mother and 4 fathers were obese using the BMI cut-off point of 30.0 kg/m 2 . Anthropometric variables at 12 weeks of age are given in Table 2 , along with results of measurements of activity and temperament. Successful measurements of behaviour were achieved in all 30 infants.
Of the 50 infants originally measured at 12 weeks, 20 could not be located or did not wish to participate at the time of the follow up. The remaining 30 children were seen at between 2 and 3.5 y of age. Children followed-up were signi®cantly shorter in infancy than those not followed up (60.8 vs 61.7 cm; t 2.02; P`0.05) but there were no signi®cant differences in infant weight, percentage fat, skinfold thicknesses, temperament, behaviour or parental BMI.
Results of anthropometry and deuterium dosing are given in Table 3 . Total body water was successfully 26 Activity patterns and temperament were measured in 28 subjects. Food intake was assessed in 29 subjects. Sum of skinfolds, measured in 25 infants, correlated poorly with percentage fat (r 0.21; P 0.35) but better with fat mass (r 0.44; P`0.05). Percentage fat was related to age (r 0.39; P 0.053), but sum of skinfolds was not (r 0.12; P 0.58). Results of both activity diaries have been described in detail previously. 8 Preliminary analysis showed that parental BMI was not related to any aspect of infant or childhood behaviour. Parental BMI also showed no relationship with childhood energy intake or food quotient. Therefore parental BMI was not included in the following analyses. Time spent upset in childhood did not correlate signi®cantly with childhood energy intake (r 70.02) or food quotient (r 70.02), nor with fatness (skinfolds: r 0.01; percentage fat: r 0.32; P 0.13). Time spent awake and active was inversely related to sum of skinfolds in childhood (r 70.41; P`0.05), but the same relationship for percentage fat did not achieve signi®cance (r 70.24; P 0.28). Correlations for awake and quiet were positive but lower (sum of skinfolds: r 0.38; P 0.069; percentage fat: r 0.13; P 0.56).
Correlation coef®cients for the relationships between infant irritability and childhood diet and fatness are given in Table 4 , and for the relationships between infant irritability and childhood behaviour in Table 5 .
Multiple regression analyses were used to investigate further the signi®cant correlations, by adjusting relationships for possible confounders. Childhood percentage fatness was adjusted for infant percentage fatness and childhood age. Childhood skinfolds were adjusted for infant skinfolds and childhood activity Crying and fussy from activity diary; distress to limitations and soothability from Rothbart questionnaire. Diet variables: n 29. Skinfolds and percentage fat: n 25. * P`0.05. ** P`0.005. *** P`0.001. Crying and fussy from activity diary; distress to limitations and soothability from Rothbart questionnaire. * P`0.02. ** P`0.001. level. Childhood time spent awake and active was adjusted for infant and childhood skinfolds. The relationship between infant time spent fussy and childhood diet composition was adjusted for childhood weight and the cross-sectional relationship between childhood diet and time spent upset. A similar adjustment was made for the relationship between infant distress to limitations and childhood TV watching. These analyses are given in Table 6 .
Discussion
Behaviour in early childhood is in¯uenced by many factors. Activity patterns are a function both of individual temperament and of parental care patterns. Furthermore, a cross-sectional association between activity level and body composition has been observed in early childhood 2 although it is not possible from the latter study to separate cause and effect variables within this relationship. The development of behaviour in children is a ®eld of study that has received comparatively little attention from nutritionists, but which could aid signi®cantly in explaining the development of fatness, and possibly the aetiology of obesity, in this age group. Our study suggests that measures of behavioural stability may be more successful in explaining the development of body composition than measurements of energy expenditure made at a single time point.
There is more than one conceptualisation of temperament, but the most widely utilised 11 is that of Thomas and Chess, 27 describing temperament as behavioural style which has a constitutional basis. Among the characteristics of behavioural style are activity, rhythmicity, approachability and mood, with parents consistently rating dif®cult children as having low approachability and rhythmicity, and high activity and negative mood. 28, 29 There are two ways in which temperament could link with body composition. Firstly, activity levels which show stability over time 30 might have a direct effect on energy balance, such that low activity levels might predict greater weight gain and fat deposition. Such a relationship between initial activity level and subsequent weight gain has been demonstrated in children 1 but not in infants.
5±8 Secondly, persistent behaviour of the infant which is perceived as dif®cult by the care-taker may result in certain strategies of care. If these care strategies were to in¯uence aspects of behaviour that are known to affect energy balance, temperament might in¯uence later body composition by this more indirect route.
Previous studies in the ®eld of paediatric psychology have shown inconsistent results in attempting to relate infant temperament to subsequent parental care patterns. Several longitudinal studies have concluded that high levels of infant irritability are associated with a decrease in subsequent maternal attention.
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In contrast, other studies have reported the reverse, with raised infant irritability eliciting greater maternal response. 35±37 This discrepancy is probably due to several factors. Firstly, maternal response to infant irritability may itself depend on maternal temperament. 38 Thus motivated mothers may respond differently to unmotivated mothers. Secondly, the studies focused on different age groups and time intervals, and the infant-mother relationship may develop differentially over time. 38 Finally, most such studies have assessed infant temperament after the neonatal period, such that maternal response may have already begun to shape infant behaviour. 38 In one study, for example, infant irritability at three months was found to be predicted more successfully by prenatal maternal attitude than by infant irritability in the neonatal period. 36 Thus the mechanism by which infant temperament and maternal response are related remains poorly understood. However, for the purposes of our study, it is suf®cient to note that infant behaviour has frequently been found to predict later maternal response, whatever the nature of that response and whatever the aetiology of infant temperament. Our study was carried out in a population characterised by unusually high levels of maternal education. It can be assumed that they were also highly motivated mothers, give that they have participated in a long term research project without receiving any form of ®nancial reward. Our data are best interpreted within this context.
Our study was intended to investigate the effect of infant irritability on childhood behaviour and body composition. In particular, it was intended to test the hypothesis that infant irritability gives rise to behavioural patterns determined either by the infant, or by inference by the care-taker in response to infant temperament, which might in¯uence energy balance.
Our study utilised two ways of assessing infant irritability, namely a diary record of time spent upset (fussy or crying) and a questionnaire measure of distress to limitations. It should be emphasised that although these measures are expected to show agreement, they have different conceptual bases and measure different variables. The diary measured general distress in units of time, using the categories fussy and crying as described in the methods section. The questionnaire measured distress arising from being restrained or con®ned, in units of frequency which were averaged over different types of constraint. Signi®cantly, infant distress to limitations predicted childhood time spent upset, while infant time spent fussy and crying did not. These factors may explain the difference in the way the two measures correlated with childhood variables.
The amount of time spent fussy in infancy was related to childhood food quotient, but not signi®-cantly to childhood energy intake. Further analysis showed that infant fussiness was strongly related to carbohydrate intake, but not to fat intake, indicating that fussy infants consumed signi®cantly more carbohydrate in childhood. Multiple regression analyses showed that these relationships were not due to the cross-sectional relationship between diet composition and being upset in childhood, nor to differences in body size. Given that food intake is determined mainly by the mother or other caretakers in this age group, 39 this suggests that sugary foods may be used by caretakers to relieve infant distress. The ability of sweetened¯uids to reduce crying has been noted in infants within hours of birth, 40 and in older infants intra-oral sucrose produces a calming effect. 41 Furthermore, it has been observed previously that children's preference for sweet foods may be reinforced by giving such foods in a positive context. 39 We speculate that general distress, measure by infant fussiness, may have given rise to such a reinforced preference in this sample. However, general distress did not predict later body composition.
In contrast, infant distress to limitations did predict later percentage fat, but not subcutaneous fat. When multiple regression analysis was used to adjust for baseline fatness and childhood age, the relationship between infant distress to limitations and childhood percentage fat dropped marginally below the 5% level of signi®cance (P 0.059). This may be due to the small sample size, since infant distress to limitations was not related to infant fatness (r 70.01), and a similar relationship has been observed in a larger sample of infants. 11 Infant distress to limitations did not predict childhood food quotient or energy intake, but it is nevertheless possible that these variables were in¯uenced during the intervening period. A link between infant temperament and later body composition would involve either a reduction in energy expenditure or an increase in energy intake at some time between the measurement periods. Our study does not enable us to consider the possible relationship between infant irritability and subsequent energy expenditure, and such a relationship cannot be discounted.
Infant soothability was related to later subcutaneous but not percentage fatness. Soothability was also related to later behaviour, with easily soothable infants spending less time quiet and more time active in childhood. These data are consistent with the relationship between distress to limitations and later percentage fat, although they relate to a different aspect of fatness. Distress to limitations and soothability are not direct opposites, since soothability refers to the ease with which a distressed infant can be calmed by various strategies. Thus soothability and distress to limitations may differ in the way they relate to later fatness, and in neither case does the relationship described here indicate the mechanism involved. Easily soothable infants may have become leaner and more active in childhood through having higher energy expenditure in the intervening period, or lower energy intake. A cross-sectional relationship between fatness and activity has been reported previously in children 2 and was found in the present study, but it is not known if fatness in¯uences activity in this age group, or if the converse is the case. The regression analyses in Table 6 indicate that childhood sum of skinfolds and awake and active were related only because both could be predicted by infant soothability.
Distress to limitations was found to be inversely associated with childhood TV watching. Multiple regression analysis showed that this relationship could be explained as an artefact of the inverse cross-sectional relationship in childhood between time spent being upset and watching TV, since distress to limitations was strongly related to time spent upset in childhood. No cross-sectional relationship was apparent between hours of TV viewing and any measure of childhood fatness, although such a relationship has been reported in a cross-sectional study of 5 y old children. 2 Skinfold thicknesses and percentage fat were not in¯uenced in the same way by early temperament. This may be because the two aspects of fatness are poorly correlated 42 and develop differently over time. For example, total body fatness undergoes marked change in the ®rst two years of life, 16 while a recent study found subscapular and triceps skinfold thicknesses to be relatively stable over the same period. 43 Both physical activity level and diet may affect subcutaneous and total fatness in different ways, and furthermore fatness has been shown to have a stronger effect on activity level in infants than vice versa. 7, 8 The relationship between fatness and energy balance in infants and young children is complex and remains poorly understood.
Conclusions
Our study shows that infant irritability can predict later fatness, diet composition and physical activity patterns, but it does not distinguish the mechanism by which later fatness is in¯uenced. Previous studies suggest that both food intake and activity levels may exert an effect on body composition in slightly older children.
1,2 However, our study differed from these previous studies in investigating temperament before childhood physical activity patterns and feeding behaviour have developed. Because temperament develops from birth and shows continuity over time, it may have an important role in the development of subsequent behaviour relating to both feeding and physical activity patterns.
Whether temperament in¯uences later body composition through the mechanism of energy intake or energy expenditure merits further study. Unpublished data from our group show that total energy expenditure in free-living 9 and 12 month children is inversely related to the amount of time spent upset. However, anecdotal evidence also suggests dif®cult children are fed more to quieten them. 11 Both aspects of childhood behaviour require further investigation.
